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Auburn, Alabama. This contract was awarded January 19, 1965, and 
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SUMMARY a o a r  

I '  
I 

This technical report is a documentation of the analytic 

platform simlation program. 

Fortran IV computer language and follows the modular form as outlined 

by the NASA Computation Center, Huntsville, Alabama. 

states the need for such a simulation program. 

the capabilities of the program, presents the definitions of the 

various quantities used in the computer program, and lists the equations 

solved in the various subroutines. 

presented in Chapter I11 along with the analytic platform simulation 

flow chart. 

the operating procedures for the use of the simulation program. 

more detailed information on the theory behind the simulation program, 

one should consult the companion report: 

The simulation program is written in 

Chapter I 

Chapter I1 states 

A complete program listing is 

Chapters IV and V presents a typical test case and explains 

For 

"An Introduction to Analytic Platforms for Inertial Guidance," 

Technical Report, Advanced Studies Group, Auburn Research 

Foundation, Auburn University, Auburn, Alabama, April 1966. 

v i  
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I. INTRODUCTION 

D. W. Kelly 

The analytic platform system is one in which the mechanically 

A simplified stable platform is replaced by an analytic platform. 

block diagram of an analytic platform system is shown in Figure 1-1. 

For more detailed information on the theory of analytic platforms, 

one should consult the companion report: 

"An Introduction to Analytic Platforms for Inertial 
Guidance," Technical Report, Advanced Studies Group, 
Auburn Research Foundation, Auburn University, Auburn, 
Alabama, April 1966. 

To study the feasibility of the analytic platform system, it was 

simulated using a digital computer. It was determined that the 

following computer program conditions should hold: 

(1). The program should be written in Fortram IV computer language, 

should be compatible with the IBM 7040 and IBM 7094 digital 

computer systems, and should be modular in form as outlined 

by NASA Computation Center, Huntsville, Alabama. 

(2). The program should be general in nature s o  as to allow the 

use of different angular velocity and linear acceleration 

sensors, different schemes for the calculation of the 

rotational matrix, and different numerical integration 

techniques. 

This report is a documentation of the described analytic platform 

simulation program. The outline for documentation was provided by NASA 

Computation Center , Huntsville, Alabama. 

1 
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11. PROBLEM DEFINITION 

D. W. Kelly 

A. General Problem 

The purpose of t h e  a n a l y t i c  platform simulation program i s  t o  cal- 

c u l a t e  vehic le  v e l o c i t i e s  and pos i t ions  i n  the  space-fixed coordinate 

system, given t h e  angu la r ' ve loc i t i e s  and the  l i n e a r  acce lera t ions  of 

t he  vehic le  i n  the  vehicle-fixed coordinate system, using the  ana ly t i c  

platform concept. 

a n a l y t i c  platform concept. Figures 11-2,3, and 4 are f u r t h e r  subdivisions,  

i n  block diagram form,of the  individual blocks of Figure 11-1. Figure 

11-2 i s  a block diagram of e i t h e r  t h e  angular ve loc i ty  sensors or  t he  

l i n e a r  acce le ra t ion  sensors. The outputs from t h e  angular ve loc i ty  

sensors are angular v e l o c i t i e s  of t h e  veh ic l e ,  and the  outputs from 

t h e  l i n e a r  acce le ra t ion  sensors are changes i n  l i n e a r  ve loc i ty  of the  

veh ic l e  i n  the  vehicle-fixed coordinate system. These v e l o c i t i e s  are 

the  inputs  t o  the  coordinate transformation ca l cu la t ion  block as shown 

i n  Figure 11-3. 

r o t a t i o n a l  matrix, and then the  r o t a t i o n a l  matrix is  used t o  transform 

t h e  changes i n  l i n e a r  ve loc i ty  from the  vehicle-fixed t o  the  space- 

f ixed  coordinate system. 

c u l a t e  t he  Euler angles from t h e  r o t a t i o n a l  matrix. 

a block diagram showing the  necessary ca l cu la t ions  t o  obta in  the  veloc- 

i t y  and pos i t i on  i n  the  space-fixed coordinate system, taking i n t o  

account g rav i ty  and i n i t i a l  conditions. 

Figure 11-1 i s  a s impl i f ied  block diagram of the  

% 

The angular v e l o c i t i e s  are used t o  c a l c u l a t e  t he  

Provision i s  a l s o  made i n  t h i s  block t o  cal- 

Figure 111-4 i s  

3 
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The following statements l i s t  the c a p a b i l i t i e s  of t he  simulation 

program: 

(1) The angular ve loc i ty  and l i n e a r  acce le ra t ion  input da ta  

p r o f i l e s  are entered in to  the  simulation program i n  tabular  

form a t  spec i f i ed  t i m e  in te rva ls .  Values between spec i f ied  

t i m e s  are ca l cu la t ed  from a s t r a i g h t - l i n e  in te rpola t ion .  

The r o t a t i o n a l  matrix may be ca lcu la ted  by using e i t h e r  the  

angular ve loc i ty  from the  input p r o f i l e s ,  an  approximated 

value obtained from a change i n  angular displacement divided 

by the  t i m e  i n t e r v a l  or  t he  approximated value rounded d m  

t o  the neares t  quantization level. 

quantized change i n  ve loc i ty  may be transformed from the  

vehicle- f ixed  t o  the  space- fixed coordinate system. 

The quant iza t ion  l eve l s  f o r  the  angular ve loc i ty  and the  l i n e a r  

acce le ra t ion  sensors may be varied.  

(2) 

A change i n  ve loc i ty  or  a 

(3) 

(4) The t i m e  between ca l cu la t ions ,  t h a t  i s ,  t he  period of updating 

t h e  r o t a t i o n a l  matrix may be varied. 

the  space-fixed ve loc i ty  and pos i t i on  may a l s o  be varied. 

The r o t a t i o n a l  matrix may be ca lcu la ted  by e i t h e r  t he  d i r e c t i o n  

cosines method, the Euler th ree  angle method o r  t he  quaternion 

method. 

The period of updating 

(5) 

(6) Four d i f f e r e n t  numerical i n t eg ra t ion  techniques may be used: 

Simpson's, rec tangular ,  t rapezoida l  o r  weighted averages. 
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(7) Other q u a n t i t i e s  t h a t  may be cont ro l led  by the  operator are 

cu tof f  t i m e ,  p r i n t i n g  time, ve loc i ty  c u t o f f ,  i n i t i a l  conditions 

and input da ta  pr in t ing .  

I 

i' 
I 

B. Symbols and Definit ions 

This s ec t ion  l ists  the symbols, both mnemonic and mathematical, 

and t h e i r  d e f i n i t i o n s  as used i n  the  a n a l y t i c  platform simulation 

program. 

Mnemonic 

I n t e r n a l  Pr in ted  

Rs 

vs 

GAMMA 

Mat hema t ica 1 Def in i t ion  

Pos i t ion  of 
space- f ixed 

*S 

YS 

zS 

T S  

YS 
Z S  

?i Y: 

Velocity of 
space- f ixed  

Velocity of 
space- f ixed 

the  vehic le  i n  the  
coordinate system. 

the  vehic le  i n  the  
coordinate system. 

the  vehic le  i n  the  
coordinate system 

Z; not cor rec ted  f o r  gravity.  

Velocity of t he  vehic le  due t o  
g rav i ty  i n  the  space- f ixed 
coordinate system. 

Acceleration of t he  vehic le  due 
t o  g rav i ty  i n  the  space-fixed 

*sg 

$sg 

Tsg 
zsg .. 
i's g coordinate system. 

sg 

Radial d i s tance  from t h e  e a r t h  
center  t o  the  vehicle.  RS 

Magnitude of the vehic le  ve loc i ty .  
vS 

Y F l i g h t  path angle relative t o  
the  l o c a l  horizontal .  
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G 

RSLL 

GME 

NUMBER 

TXYZ 

XINJ?UT (1, number) 
XINPUT (2, number) 
XI"T (3, number) 
XINPUT (4, number) 
XINPUT (5, number) 
XINPUT (6, number) 
XINPUT (7 ,  number) 

VPHIX(1) WHIX 
VPHIX(2) WHIY 
VPHIX(3) WHIZ 

VPHIX(4) 
VPHIX(5) 
VPHIX( 6) 

VPHIX( 7) 
VPHIX(8) 
VPHIX( 9) 

DELVXV( 1) 
DELVXV( 2) 
DELVXV( 3) 

DELVXV(4) 
DELVXV(5) 
DELVXV( 6 )  

G 

RO 

c'e 

Number 

*XYz 

F l i g h t  pa th  angle relative t o  
the  l o c a l  vertical. 

Radial d i s tance  from the  e a r t h  
center  t o  t h e  launch site. 

- 

Earth g r a v i t a t i o n a l  constant. 

Number of po in ts  on the  angular 
ve loc i ty  and l i n e a r  acce le ra t ion  
p r o f i l e s .  

Time between poin ts  on t h e  
angular ve loc i ty  and l i n e a r  
acce le ra t ion  input d a t a  p r o f i l e s .  

$,(number) Angular ve loc i ty  input  p r o f i l e s  
4 (number) i n  the  x, y ,  and z d i rec t ions  
..z JY( number) (radians / second). 
&(number) Linear acce lera t ion  input  pro- 
%?v(number) f i l e s  i n  the  x y,  and z d i rec t ions  
Zv(number) (meters/second ). 
T (number) Time f o r  input p r o f i l e s  (seconds). 

C ( i , j )  

2 

The i j th  element of t he  th ree  
by three  orthogonal matrix, 
determined by angular v e l o c i t i e s  
of the  vehic le ,  used t o  t rans-  
form from the  vehicle-fixed t o  
space-fixed coordinate systems. 

i The angular v e l o c i t i e s  
ix of tne  vehicle.  
i y 

Z 

A@ ,/At 
A4 /At angular v e l o c i t i e s .  

The approximated values of 

BY/& z 

The approximated values of 
AQYq/At angular v e l o c i t i e s  rounded 
A4 /At d m  t o  the  neares t  quant iza t ion  

leve 1. 

The changes i n  l i n e a r  ve loc i ty .  4 

%q 

4, 
E V  

&vq 

The changes i n  l i n e a r  ve loc i ty  
rounded down t o  the  neares t  % quant iza t ion  level. 



I *  . 11 

DELVXI(1) DELVXI 
DELVXI(2) DELVYI 
DELVXI(3) DELVZI 

P 

R 
Q 

X 
Y 
z 

Nx 
NY 
NZ 

PX 
PY 
PZ 

XOLD 
YOLD 
ZOLD 

XLEFT 
YLEFT 
ZLEFT 

QVEL 

TCIJ 

TOTCIJ i 
TNAV 

hi 

&i 

P 

R 
Q 

X 
Y 
z 

N 
NX 

P 
py” 
pZ 

Qang 

w e 1  

Tci j 

Totci j 

Tnav 

Change in velocity of the vehicle 
in space-fixed coordinatesptot 
corrected for gravity. 

The particular values of angular 
velocities that are used to cal- 
culate the trans f ormation matrix. 
See KEXACT. 

The particular values of changes 
in linear velocity that are trans- 
formed from the vehicle- fixed to 
space-fixed coordinate system. See 
m C T .  

Whole numbers representing the 
number of quantization levels 
in angular velocity. 

Whole numbers representing the 
number of quantization levels 
in a change in linear velocity. 

Previous values of both the 
quantities represented. Since 
they are in different subroutines 
the quantities retain their 
correct values. 

Remainder terms which must be 
accounted for in the computations 
of VPHIX and DELVXV. Since they 
are in different subroutines 
the quantities retain their 
correct values. 

Quantization level of the angular 
velocity sensors (radians). 

Quantization level of the linear 
acceleration sensors (meters/second) . 
Period of updating the C(1,J) 
trans f onna t ion matrix. 

Time at which the C(1,J) should 
be updated again. 

Period of computing the position 
and velocity. 
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TCUT 

VCUT 

KREAD 

KCUT 

KOPT 
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Totnav 

Tcut 

Vcut 

Time at which the next position 
and velocity should be computed. 

Time at which the system should 
cutoff. Usually associated 
with burnout. 

Velocity at which the system 
should cutoff. Usually the 
required velocity for orbit. 

Internal flag used to eliminate 
the necessity of reading all 
initial conditions went another 
run is desired. 

Internal flag used to start 
the final run through the system 
when indicated by TCUT or VCUT. 

System option, externally 
controlled, used to select 
the quantities that are used to 
calculate the C(1,J) matrix 
and the quantities that are 
transformed to the space-fixed 
coordinate system. 
KEXACT = 1 P = VPHIX(1) 

Q = WHIX(2) 
R = VPHIX(3) 
X = DELVXV(1) 
Y = DELVXV(2) 
2 = DELVXV(3) 
P = VPHIX(4) 
Q = VPHIX(5) 
R = VPHIX(6) 
X = DELVXV(1) 
Y = DELVXV(2) 
2 = DELVXV(3) 
P = VPHIX(7) 
Q = VPHIX(8) 
R = VPHIX(9) 
X = DELVXV(4) 
Y = DELVXV(5) 
Z = DELVXV(6) 

KEXACT = 2 

KEXACT = 3 

System option, externally 
controlled, used to select the 
particular method of calculating 
the C(1,J) matrix. 
KOPT = 1 Direction Cosines 
KOPT = 2 
KOPT = 3 Quaternions 

Euler Three Angles 
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INNER 

TPRINT 

TPRNOW 

El 
E2 
E3 
E 4  

A1 
A2 
A3 
A4 
A5 
A 6. 

B1 
B2 
B 3  
B4 
B5 
B6 

AORBIT 

BORBIT 

EORBIT 

RAORB 

Tpr int 

Tprnow 

@X 
F3 
9; 

E? 
E, 
E; 

A1 
A2 
A3 
A4 
A5 

6 
A 

B1 
B2 
B3 
B4 
B5 
B6 
A 
orbit 

'orbit 

Eorbit 

Raorb 

System option, externally 
controlled, used to select the 
particular integration scheme 
that will be used. 
INNER = 1 Weighted Averages 

Integration 
INNER = 2 Trapezoidal Integration 
INNER = 3 Simpson's Integration 
INNER = 4 Rectangular Integration 

Period of printing time. 

Time at which the next printing 
is due. 

Euler angles. 

Rates of change of  Euler 
angles. 

Cay  ley- Klein parameters 

Orthogonality checks of C ( I , J )  
matrix . 

Normality checks of C ( 1 , J )  
matrix. 

Semimajor axis of orbit. 

Semiminor axis cf orbit. 

Eccentricity of orbit. 

Apogee radius of orbit. 
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RPORB 

VAORB 

VPORB 

D 1  
D2 
KDUM 
K1 
K 2  
K 3  
L1 
L2 
L3 
A 
B 
D 
E 
F 

s o r b  

%orb 

'porb 

Perigee rad ius  of o r b i t .  

Orbi ta l  ve loc i ty  a t  apogee. 

Orb i t a l  ve loc i ty  a t  perigee.  

Dunnny var iab les  used only t o  
save constants  and/or f o r  
convenience. 

C. Equations and Abstracts  

This sec t ion  l i s t s  a l l  the equations t h a t  are used i n  the ana ly t i c  

platform simulat ion program. The abs t r ac t  f o r  each rout ine  i s  a l s o  

given. 

Routine MAIN 

This rout ine  cont ro ls  the  e n t i r e  simulation program flow. It 

I , ca l l s  the  d i f f e r e n t  subroutines and d i r e c t s  the s teps  t o  be done. 

Routine R E A L  

I This rout ine  reads and p r i n t s  t h e  input  p r o f i l e s  of both angular 
~ 

I v e l o c i t y  and l i n e a r  acce lera t ion  of t he  vehicle .  

Routine READ2 
I 

This rout ine  reads and p r i n t s  a l l  i n i t i a l  conditions and a l l  

system options.  
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Routine A N G E L  

This rout ine simulates a s implif ied vers ion of the  encoder 

a t tached t o  the  angular ve loc i ty  sensor. 

are solved i n  t h i s  rout ine.  

The following equations 

J = K + 1  
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I 

Y l  

- rnyq(t) 
At - NYq Qang / Tcij 

Rounded down t o  
whole number. 

The ca lcu la t ions  should be done i n  the order shown 

Routine DIRCOS 

This rout ine  ca l cu la t e s  the d i rec t ion  cosines from the vehicle  

angular v e l o c i t i e s , t h a t  i s ,  i t  updates the C ( 1 J )  matrix. 

equations a r e  solved i n  t h i s  routine: 

The following 

C(1,l) = C(1,2) R - C ( 1 , 3 )  Q 

6(1,2) = C ( 1 , 3 )  P - C(1,l) R 

C(1,3) = C ( 1 , l )  Q - C(1,Z) P 

C(2 , l )  = C(2,2) R - C(2,3)  Q 
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I 

These equations are then integrated according to some numerical 

technique to obtain the new values of the C(1,J) matrix. 

Routine INTEGR 

This routine contains four different integration schemes; Simpson's, 

rectangular, trapezoidal, and weighted averages. The following 

computations are made to accomplish this. 

Simpson's rule 

Rectangular rule 

zn - - zn-l + At 2, 

Routine EULER 3 

This routine calculates the Euler angles from the vehicle angular 
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velocities. The following equations are solved in this routine: 

6, = P cos 0 + R sin ey 

6 = P sin 0 tan ex + Q - R cos 0 tan ex 

G z  = 

Y 

Y Y . Y  
(-P sin e / cos ex) + (R cos ey / cos ex) Y 

These equations are then integrated according to some numerical technique 

to obtain the new values of the Euler angles. 

computations are performed to obtain the C ( 1 , J )  matrix. 

Afterwards the following 

C(1,1) = cos 0 cos 8, - sin ex sin 8 sin oz 
Y Y 

C(1,3) = sin eY cos 0 + sin Ox cos €3 sin 8 
Z Y z 

C(2,1) = cos 8 sin B z  + sin Ox sin By cos ez Y 

c (2 ,2 )  = COS ex COS ez  

C(2,3) = sin eY sin 0, - sin ex cos 0 cos 0 z Y 

Y C(3, l )  = -cos 0 sin 0 
X 

C(3,2) = sin 0, 

Y C(3,3) = COS ex COS e 

Routine QUATER 

This routine calculates the Cayley-Klein parameters from the vehicle 
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angular velocities. The following equations are solved in this 

routine. 

1 
El = T(-E4P - E3Q - E2R) 

1 & = T(-E3P + E4Q + EIR) 
1 4 = T(+E2P + EIQ - E4R) 
1 

i4 = ?(+EIP - E2Q + E3R) 

These equations are then integrated according to some numerical 

technique to obtain the new values of the parameters. 

following computions are performed to obtain the C(1,J) matrix. 

Afterwards the 

C(1,2) = 2(-E1E2 + E3E4) 
C(1,3) = 2(+E2E4 + E1E3) 
C(2,l) = 2(+E3E4 + E1E2) 

2 2  2 2 C(2,2) = El - E2 + E3 - E4 
C(2,3) = 2(+E2E3 - E4E1) 
C(3,l) = 2(-E1E3 + E2E4) 
C(3,2) = 2(+E2E3 + E1E4) 

2 2 - E: C(3,3) = El + E22 - E 3 
Routine LINAC 

This routine simulates a simplified version of the encoder 

attached to the linear acceleration sensor. The following equations 

are solved in this routine. 
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Rounded down t o  
whole number. 

Routine TRANS 

This rout ine  transforms t h e  ve loc i t i e s  from vehicle-f  ixed coordinates 

t o  space-fixed coordinates.  The following computations are made 



Routine GRAV 

This routine corrects the velocities and distances for gravity 

assumming a spherical earth. The following calculations are made. 

These equations are then integrated to obtain the velocities due to 

gravity, < i and i Then 
sg’ g’ sg’ 

ks = ii - kg 
Ps = Yi - ?sg 
is = i - is, i 
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I. 

These equations a r e  then integrated t o  obtain the  pos i t ion  of t he  

vehicle  i n  space-fixed coordinate system. 

Routine PRINT0 

This rout ine p r i n t s  per t inent  information f o r  a complete 

ana lys i s  of the  system. 

necessary f o r  the  p r i n t  out. 

This rout ine p e r f o m  a few ca lcu la t ions  

These ca lcu la t ions  are:  

R, = \1q2 + Ys2 4- Zs2 

Dl x& + YsYs  + zszs 

D2 

Y 

h = R, - Ro 

180 y 
G = 90.0 - 5[ 

and 

A1 = C ( 1 , l )  C ( 1 , 2 )  + C(2,l) C(2,2) + C ( 3 , l )  C(3,2)  

C ( 1 , l )  C ( 1 , 3 )  + C(2,l) C ( 2 , 3 )  + C ( 3 , l )  C(3,3) 

A3 = C(1,2) C ( 1 , 3 )  + C(2,2) C(2,3) + C(3,2) C(3,3) 

C ( 1 , l )  C ( 2 , l )  + C(1,2) C(2,2) + C(1,3) C(2,3) 

A5 = C ( 1 , l )  C(3,l) + C(1,2) C(3,2) 4- C ( 1 , 3 )  c(3,3) 

= 
A2 

A4 
= 

A6 = c(2,1) C(3,l)  + c(2,2) C(3,2) + C(233) c(3,3) 



I . -  

1 -  . . 

t 

B2 = C(1,2)2 4- C(2,2)2 -!- C(3,2I2 

C(1 ,3) '  + C(2,3l2 + C(3,3I2 

B4 = C ( 1 , 1 ) 2  4- C(1,2)2 -I- C(l,3)2 

B5 = C(2,1)2 4- c(2,2)2 4- C(2,3)2 

C(3,1)2 + C(3,2I2 + C(3,3I2 B6 

= 
B3 

= 

Routine ORBIT 

This rout ine ca l cu la t e s  and pr ints  t he  o r b i t a l  parameters. The 

following ca lcu la t ions  are made. 

Dl 

Aorbit  

Borbit  

Eorb i t  

Raorb 

Rporb 

D2 

Vaorb 

Vporb 

( R ~  vS2> / pe 

R, / (2-Dl) 

Aorbit  D1 cos2(y) 

1 - D1(2-D1) cos2(y) 

Aarbi t  (1 J- EorE-lt) 

Aorbit  (1 - Eorbit)  

v, / ( D 1  cos 7 )  

D2 (1 - Eorbi t )  

D2 (1 + Eorbi t )  
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111. COMPUTER PROGRAM AND FLOW CHART 

This section contains: 

1) 

2) 

3) 

Analytic Platform Simulation Program Listing. 

Memory Map of Analytic Platform Simulation Program. 

Analytic Pl.atform Simulation Program Flow Chart. 



I . -  

. .  
A n a l y t i c  Platform S i m u l a t i o n  P r o g r a m  L i s t i n g .  

COMMON / C O ~ ' t ~ U Z /  vxs  9 xs 
COMMON /COL-qY03/  I N N F P  
COMMON /COVM04/  RSLL ,GME 

COMMON / C O v V O 6 /  T C T J 9 T O T C I J  

COMMON / r t O ' ~ l V O 8 /  TNAVITOTNAV 
CCMMON / C O Y M O 9 /  T C U T  r V C U T  
COVPON / C O ' d V l C /  V P H I X  
COPWON / C O Y M 1 1 /  D E L V X V  
COMMON / C O M M l Z /  V X I  
COMMON / C O Y M 1 3 /  C 
COMMON / C O V M 1 4 /  P,O,R 
C O p f l O Y  /COMb115/ X i Y  
COMMON / C O M M 1 6 /  K R F ~ D V K F X A C T I K O P T  
COMMON / C O Y Y 1 7 /  T P R I N T , T P R h O W  
COMMON / C O M V 1 8 /  A X S G  

nTFFFhlSTON X T ~ P U T ( 7 , 7 G C ) , V X S ( ? } , X S  
1 , 3 ) , A X S C ( 3 ) , V X S G ( 3 ) r T H X ( 3 ) , V T H X ( 3  

COMWY / c o r w 0 5 /  QANG,J 

COWON / C O Y M O ~ /  QVFL ,L 

C 0 M v  ON / C O'." b" 1 9 / R S V S 9 G 8 PM A 

K R E A D = l  
C A L L  R F A D l  

1 C A L L  R E A D 2  

2 I F  ( T O T C 1 J . G E . T C U T I  GO TO 3 
K C U T = ~  

IF ( T O T C I J . L E . T O T N P V )  GO T O  4 
GO T O  5 

3 T C I J = T C U T - T O T C I J + T C I J  
T N A V z T C U T - T  OTNAV+T Y A V  
T O T C I J = T C U T  
T O T N A V = T C U T  
Y C U T = 2  

4 C A L L  A N G V F L  
K l = K F X A C T + 3 - 2  
K 2 = K E X A C T * 3 - 1  
K 3 = K E X A C T * 3  
P = V P H I X ( K l )  
Q = V P H I X ( K 2 )  
R = V P H I X ( K 3 )  
GO T O  ( 6 , 7 9 8 1 9  K O P T  

6 C A L L  D I R C O S  
GO T O  9 

7 C A L L  F U L F R 3  
GO T O  9 

R C A L L  Q U A T F R  
9 I F  (KCUT.€Q.Z)  GO T O  5 

T O T C I J = T O T C I J + T C I J  
GO T O  2 

C o n t  inue d 
25 
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5 C A L L  L I N A C  
K D U M = 1  
TF ( K E X A C T o G T o 2 )  Kr)UM=2 
L l = K D U M * 3 - 2  
L2=KDUM* 3-1 
L 3=KDUM* 3 
X = D E L V X V ( L l )  
Y = D E L V X V ( L 2 )  
Z = D E L V X V ( L 3 )  
C A L L  TRANS 
C A L L  GRAV 
VS=SQRT(VXS(l)**2+VXS(2)**2+VXS(3)**2) 
I F  ( V C U T o L E o V S )  K C U T = 2  
I F  ( K C U T o E Q . 2 )  GO T O  11 
I F  ( T P R N O W o L E o T O T N A V )  GO TO 11 
T O f N A V = T O T N A V + T N A V  
GO T O  2 

TPRNOW=TPRNOW+TPRIYT 
TOTNAV=TOTNAV+TNAV 

GO T O  2 
1 2  C A L L  O R B I T  

GO TO 1 
END 

11 C A L L  P R I N T 0  

I F  ( K C U T o E Q o ? )  GO T O  1 2  

C ont inue d 
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C R E A D l  D E C K  
S U B R O U T I N E  R E A D l  
A B S T R A C T o o o o o T H I S  R O U T I R E  R E A D S  AND P R I N T S  T H E  I N P U T  P R O F I L E S  
B O T H  A N G U L A R  V E L O C I T Y  AND L I N E A R  A C C E L E R A T I O N  O F  T H E  V E H I C L E .  
COMMON /COMMOl /  NUMRERITXYZ,XINPUT 
Q I M E N S I O N  X I N P U T ( 7 , 7 0 0 )  
F O R M A T ( ~ X , I ~ , ~ A , F ~ ~ ~ , ~ X , I ~ )  
F O R M A T ( 3 ( 5 X , E 1 5 . 8 ) , 5 X , F 7 . 1 )  
F O R M A T ( 3 0 X , 2 0 H  ERROR I N  I N P U T  DATA,5X,F6.1)  
F O R M A T ( l H l r 6 X 9 5 7 H I N P U T  P R O F I L E S e e o A N G U L A R  V E L O C I T Y  AND L I N E A R  

F O R M A T ( / / , ~ X I ~ ~ H T O T A L  NUMBER O F  P O I N T S = , I 5 )  
1 L E R A T I O N )  

F O R M A T ( / / * ~ X I ~ O H T I M E  B E T W E E N  P O I N T S = , F 4 . 1 , / / / / )  
F O R M A T ( ~ X , ~ H T I M E , ~ X I ~ ~ H X  ANG. V E L o r 8 X , l l H Y  ANGo V E L o , 8 X , l l H Z  

l V E L . , / / )  
F O R M A T ( 4 X , F 6 0 1 , 3 ( 4 X , ~ l S o 8 ) )  
F O R M A T ( / / , S X I ~ H T I M E I ~ X , ~ ~ H X  A C C E L E R A T I O N I ~ X V ~ ~ H Y  A C C E L E R A T I O N  

R E A D (  5 9 10) 
N=NUMBER 
DO 1 J=l,N 
R E A D ( 5 9 2 0 )  X I N P U T ( 1 , J ) , X I N P U T ( 2 ~ J ) , X I N P U T ( 3 , J ) , X I N P U T ( 7 ~ J )  
DO 2 J=l ,N 
R E A D ( 5 9 2 G )  X I N P U T ( ~ , J ) , X I N P U T ( S , J I , X I N P U T ( ~ P J ) S T  

C O N T I N U E  

GO T O  4 
W R I T E ( 6 r 3 0 )  T 
STOP 
W R I T E (  6 , 4 0 1  
W R I T E ( 6 9 5 0 )  NUMBER 
W R I T E ( 6 9 5 5 )  T X Y Z '  
W R I T E ( 6 9 6 G )  
D O  5 J=19N 
W R I T E ( 6 9 7 0 )  XrNPUT(7,J),XINPUTIl,J),XINPUT(2rJ)9XINPUT(3,J) 
W R I T E (  6 980) 
DO 6 J=19N 
W R I T E ( 6 9 7 0 )  X I N P U T ( 7 , J ) , X I N P U T ( 4 , J ) , X I N P U l ( S , J ) r X T N P U T ( 6 9 J )  
R E T U R N  
END 

1 4 H Z  A C C E L E R A T I O N , / / )  
NUMBER , T X Y Z , K P R I N T  

I F  ( T o N E o X I N P U T ( 7 , J ) )  GO TO 3 

I F  ( K P R I N T o E Q . 2 )  R F T U R N  

OF 

A C C E  

ANG. 

9 5 x 9 1  

C ont inue d 
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I Continued 



I . .  

, .  

2Oc)  F O R Y A T ( 4 G X 9 3 7 H A N G U L A R  VELOCITY........MOT Q U A N T I Z F D 9 / / )  

2 2 G 
230 F O R M A T  ( 1 H 1 )  

210 F O R M A T ( 4 C X 9 3 3 H A N G U L A R  VELOCITY........OUANTIZED,//) 
FOR V A T  ( 4 0 X  9 3 3 H C H A N G  E I N V ELCC I T Y  . C!J AYT I ZED / / 1 

2 5 C  F O R M A T ( 4 0 X 9 4 9 H I N P U T  DATA.......INITIAL C O N D I T I O N S  4nlD C O N S T A N T S * / )  
260  F O R M A T ( 4 0 X 9 2 6 H I N P U T  D A T A . . . . . . . V A R 1 4 B L E ~ , / / / )  
270 F O R M A T ( 4 0 X 9 3 6 H O P T I O N  ONE.........~TRE~TTON C O S I N E S * / / )  
280  F O R M A l ( 4 G X 9 3 7 H O P T I G N  TWO..o......EULER T H R E E  4YGLFS9//) 
290 F O R M A T ( 4 0 X 9 3 0 H O P T I O N  THREEo..o...QU4TERNI~~'S,//) 
300 F O R M A T ( 4 0 X , 2 9 H W E I G H T E D  A V E Z A G E  I N T E G R 4 T I O N  1 
3 1 0  FORVAT(40X~24HTRAPFZOIDAL I N T E G R A T I O N  1 
3 2 0  
330  F O R M A T ( 4 0 X 9 2 4 H R E C T A N G U L A R  I N T F G R A T I O N  ) 

340 F O R M A T ( / / / / / / / / )  

FORFJIAT ( 4 n X  9 2 1 HS I ''JP5ONS I NTEGR A T 1  ON 

GO T O  ( 1 9 2 )  9 K R E 4 0  

W R I T E ( 6 9 3 4 0 )  
W R I T E (  6 9 2 5 0  1 
R F A D ( 5 9 1 C )  V X S ( l ) 9 V X S ( ? ) 9 V X s ( 3 )  
R E A D ( 5 9 1 0 )  X S ( 1 ) 9 X S ( 2 ) 9 X S ( 3 )  
R E A D ( 5 9 1 0 )  R S L L 9 C M F  
W R I T F ( 6 9 2 0 )  V X S ( 1 )  
W R I T F ( 6 9 3 0 )  V X S ( 7 )  
W R I T F ( 6 9 4 0 )  V X S ( 3 1  
W R I T F ( 6 9 5 0 )  X S ( 1 )  
W R I  T E (  6960 1 X S (  Z 1 
W R I T F ( 6 9 7 0 )  X S ( 3 )  
W R I T F ( 6 9 8 G )  R S L L  

1 W R I T F ( 6 9 7 3 0  

r 

1 W R I T E ( 6 9 9 C )  GME 
A = V X S ( l )  
B = V X S ( 2 )  
G = V X S ( 3 )  
D = X S  ( 1) 

2 9  

Continued 
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J = l  
TPRNOW=O.O 
TOTNAV=O,O 
TOTCIJ=OoO 
WRITF(69230 1 
W R I T E  (6 9 340 ) 
WRITE(69260) 
WRITE(69110) TPRINT 
WRITE(69120) TCUT 
WRITE(69130) VCUT 
W R I T E ( 6 9 1 4 0 )  TNAV 
W R I T E ( 6 9 1 5 0 )  TCIJ 
W R I T E ( 6 9 1 6 0 )  QANG 
WRITE(69170) QVEL 

GO T O  (394,519 K E X P C T  
3 WRITE(69180) 

W R I T E  ( 6 9  190 1 
GO TO 6 

4 WRITE(69200) 
WRITE(69190) 
GO T O  6 

5 WRITE(69210) 
WRITE(69220) 

6 CO N T I N U E  
GO TO (7,899)~ KO P T  

7 WR I T E  ( 69 270 1 
GO TO 1 1  

8 WRITE(69280) 
GO T O  1 1  

9 WRITE(69290) 
11 C O N T I N U E  

GO TO 41291391491519 INNER 
1 2  WRITE(6,300) 

GO T O  16 
1 3  WRITE(69310) 

GO T O  16 
1 4  WRITE(69320 

GO TO 16 
15 WRI TF (6 9330 1 
1 6  RETURN 

END 

QANG=QANG*3.14159265/16OmC 

Continued 
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S I B F T C  A N G V E L  D E C K  
I S U B R O U T I N E  A N G V E L  

I C  A B S T R A C T o o o o o T H I S  R O U T I N E  S I M U L A T E S  A S I P P L I F I E D  V E R S I O N  O F  T H E  
ENCODER A T T A C H E D  T O  T H E  S o A o R o  
COMMON /COMMO1/  N U M R E R q T X Y Z q X I N P U T  
COMPON /COMMO5/  Q A W G g J  
COMMON /COMMC6/  T C I J g T O T C I J  
COPMON / C O M M 1 0 /  V P H I X  
D I M E N S I O N  X f N P U T ( 7 , 7 0 0 ) , V P H I X ( 9 )  
IF I T O T C I J o E Q o O o O )  GO T O  1 

I C  

I 

I 2 I F  ( T O T C I J o G T o X I N P U T ( 7 , J ) )  GO TO 3 
GO TO 4 

GO T O  2 

XK=(TOTCfJ-XINPUT(7,K))/TXYZ 
VPHIX(l)=(X1NPUT(l,J)-XINPUT(lqK))*XK+XINPUT(lgK) 
V P H I X ( Z ) = ( X I N P U T ( 2 , J ) - X I N P U T ( 2 q K ) ) * X ~ + X I N P U T ( 2 q K )  
V P H f X f 3 ) = ( X I N P U T ( 3 , J ) - X I N P U T ( 3 , ~ ) ~ * X K + X I ~ P U T ( 3 q ~ )  
GO T O  5 

3 J=J+1 

4 K = J - 1  

1 V P H I X ( l ) = O o O  
V P H I X ( Z ) = O . O  
V P H I X ( 3 ) = O o C  
X O L D = O o O  
Y O L D = O  0 
Z O L D = O  0 O  
X L E F T - 0 . 0  
YLEFT=O,O 
Z L E F T = O o O  

5 VPHIX(4)=(VPHIX(I)+XOLD)*TCIJ/2~0 
VPHIX(~)=(VPHIX(~)+YOLD)*TCIJ/~O~ 
V P H I X ( ~ ) = ( V ~ " I X ( ~ ) + Z O L D ) * T C I J / ~ O O  
NX=(VPHIX(4)+XLEFT)/QANG 
NY=(VPHIX(S)+YLEFT)/QANG 
NZ=(VPHIX(6)+ZLEFT)/QANG 
V P H I X ( 4 ) = V P H I X ( 4 ) / T C I J  
V P H I X ( S ) = V P H I X ( S ~ / T C I J  
V P H I X ( 6 ) = V P H I X ( 6 ) / T C I J  
P X = N X  
P Y = N Y  
P Z = N Z  
V P H I X ( 7 ) = P X * Q A N G / T C I J  
V P H I X ( 8 ) = P Y * Q A N C / T C I J  
V P H I X ( 9 ) = P Z * Q A N G / T C I J  
X L E F T = ( V P H I  X (  4)-VPHI X (7 1 ) * T C I  J + X L E F T  
YLEFT=(VPHIX(S)-VPHIX(8))*TCIJ+YLEFT 
ZLEFT=(VPHIX(6)-VPHIX(9))*TCIJ+ZLEFT 
X O L D = V P H I X (  1) 
Y O L D = V P H I X (  2 1 
Z O L D = V P H f X (  3) 
RETURN 
END 

Continued 
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B I B F T C  DIRCOS D F C C  

C A R S T R A C T . * . * * T r l I 3  R O U T I R E  C A L C U L A T E 3  ThL P I H E C T I u i \ r  CubINES FHOi4 
c THE V F H I C L F  ANSiJLkQ V E L O C I T I E S .  

SUPRCLJT I NF r I i c s  

COMMON / C \  . $ ' 5 ' 1 ~ 3 /  I N M E R  
COi'.'b'GN /CU'':.'' 6 /  T C  T J T C T C  1 J 
COHfJON / C O V V 1 3 /  C 
COXt+c)r\! / C G \ l U 1 4 /  P 9 2 9 R  
0 I M F  N 
X I = C (  1 rZ)*R-C(l , ? ) * Q  
X 7 = C (  1 9 3  )*p-C ( 1 9 1 1 *I? 
x 3 = c  ( 1 9 1 I"'3-C ( 193 ) X P  

X 4 = C  ( 2  92 )*R-C( 2 9 3  1 * C  
X 5 = C ( 2 9 3 ) * P - C ( 2 9 1 ) * R  
X 6 = C  ( 2  9 1 1"Q-C ( 2 9 2  1 W-P 
X 7 = C ( 3 9 2 ) * P - C ( 3 , 3 ) * C  
X F)=C ( 3 9 3  1 *P-C ( 3 9  11 * R  
x9=c ( 3 9 1  )*IQ-C ( 3 9 2  ) GP 
IF ( T O T C J J o G T o n . - )  GO T O  I 
Y l = X l  
Y 2 = X 2  
Y ? = X ?  
Y 4 = X 4  
Y 5 = X 5  
Y 6 = X 6  
Y 7 = X 7  
Y E = X R  
Y Q = X 9  
Z I = Y l  
Z 2 = Y 2  
Z 3 = Y 3  
Z 4 = Y 4  
Z 5 = Y 5  
Z 6 = Y 6  
Z 7 = Y 7  
Z 8 = Y P  
Z 9 = Y 9  
GO T O  2 

1 CALL I N T E ! 3 R ( T C I J ~ Z 1 ~ Y 1 ~ X 1 , C o )  
CALL I N T E G R ( T C I J , L 2 , Y 2 9 X 2 , C o )  
CALL I N T E G R ( T C I J 9 Z 3 , Y 3 9 X 3 , C 1 1 , 3 ) )  
CALL I N T F G R ( T C I J , Z 4 9 Y 4 , X 4 , C o )  
CALL I N T E G R ( T C I J ~ Z ~ , Y ~ T X ~ , C O  
CALL I N T F G R ( T C I J , Z ~ T Y S , X ~ , C ( ~ , ~ ) )  
CALL I N T ~ G R ( T C I J ~ Z 7 r Y 7 ~ X 7 , C o 1  
CALL I N T E G R  ( T C I . J ,  Z P  9 Y 8  9 X 8 9 C (  ? r  21 1 
CALL I N T F G ~ ( T C I J , Z 9 , Y 9 , X 9 , C ( 3 , ? ) )  

7 R F T l J R N  

I ON C ( 3 9 7 1 

END 

Continued 
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B I B F T C  Q U A T E R  D E C K  
S U B R O U T I N E  Q U A T E R  

C A B S T R A C T o o o o o T H I S  R O U T I N F  C A L C U L A T E S  T H E  C A L E Y - k L E I N  P A R A M E T E R S  
C FROV T H E  V F H I C L E  ANGUL4R V E L O C I T I E S .  

COMMON / C O M M 0 3 /  I V N E R  
COMMON / C O M M 0 6 /  T C I J , T O T C I J  
COMMOY / C O M M 1 3 /  C 
COMMON / C O M M 1 4 /  P,(?,R 
D I M E N S I O N  C ( 3 9 3 )  
I F  ( T 0 T C I J o G T o O . O )  GO T O  1 
E 1 = 1 0 0  
E2=0.0 
€ 3 = O o O  
E 4 = 0  0 

1 X1=0.5*(-E4*P-E3*Q-E2*R) 
X2=0oS*(-E3*P+E4*Q+El*R) 
X ~ = C O S * ( + E ~ * P + E ~ * J - F ~ * R )  
X 4 = 0 0 5 * ( + E l  *P-E7*Q+E3*P) 
IF ( T O T C I J o G T o C . 0 )  GO T O  2 
Y l = X l  
Y 2 = X 2  
Y 3 = X 3  
Y 4 = X 4  
Z l = Y l  
Z 2 = Y 2  
Z 3 = Y 3  
Z 4 = Y 4  
GO T O  3 

2 C A L L  I N T € G R ( T C I J ~ Z l , Y l , X l , E l )  
C A L L  I N T E G R ( T C I J I Z ~ , Y ~ , X Z , E ~ )  
C A L L  I N T E G R ( T C I J , Z 3 , Y 3 , X 3 , E 3 )  
C A L L  INTEGR(TCIJ,Z4,Y4,X4,€4) 
C ( l ~ l ) = E l * F l - E 2 * F 2 - E 3 + E ? + E 4 + E 4 * E 4  
C(l~2)=20~*(-El*E2+E3*€4) 
C ( 1 , 3 ) = 2 o C * ( + E Z * E 4 + E l ~ E ~ )  
C(2,1)=20C*(+E3*E4+El*E2) 
C( 2~2)=El*El-E2*E2+E3*€3-E4*€4 
C ( 2 , 3 ) = 2 . ~ * ( + € 2 * E 3 - E 4 * F l )  
C(3,1)=2oG*(-El+E3+E2*€4) 
C(3,2)=2oC*(+E2*E3+Fl*F4) 
C(3,3)=El*Fl+EZ*E2-E3*F?-F4*E4 

END 
3 R E T U R N  

Continued 
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I f  . 

F I E i F T C  L I N A C  D E C <  

c 
C 

7 

3 

1 

4 

5 



- -  I 

COMMON /CO@M13/  C 
COMMON /COMM15/ X r Y  r Z  
D I M E N S I O N  C ( 3 r 3 ) r V X I ( 3 ) r D E L V X I ( 3 )  
DO 1 I = l r 3  
D E L V X I ( I ) = C ( I r l ) * X + C ( I , 2 ) + V + C ( I r 3 ) * Z  

1 V X I ( I ) = V X I (  I l + D E L V X I ( I )  

I -  

37 

I 

I 
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B I B F T C  G R A V  DFCK 

C ABSTRACT.....THIS R O U T I N E  CORRECTS T H E  V E L O C I T I F S  A N D  D I S T A N C E S  
S U B R O U T  I NE GRAV 

c F P R  G R A V I T Y  ASSUMMING A S P H E R I C A L  EARTWO 
COVMOhl /COMb'O2/ V X S I X S  
COMMON / C C Y V 0 3 /  I Y U F R  
COMMON / C O Y M 0 4 /  RSLLIGME 
COMMON /C@'4MC8/ T N ~ V I T D T N A V  
C?MPON / C O Y Y 1 2 /  V X I  
COMMON / C O V M 1 8 /  A X S G  
D I I t F N S I O N  X S ( ~ ) I V X S ( ~ ) , V X I ( ~ ) , A X S C ~ , V X ~ G ( ~ )  
R S = j ~ R T ( X S ( 1 ) + X S ( l ) + X S ( 2 ) * X ~ ( Z ) t X ~ ( 3 ) * X ~ ( 3 ) )  
AXSC(l)=GME*XS(l)/(RS*RS*RS) 
A X S G ( 2 )  =GME+XS(L? 1 / ( R S * R S * R S )  
AXSG(3)=GME*XS(3)/(RS*RS*RS) 
IF (T3TVAV.GT.3.P) GO T O  1 
v x s ~ ( i ) = ~ . n  
v x s m n = r . c  
V X S G ( ~ ) = ~ . O  
Y l = A X S G (  1 )  
Y 2 = A X S G ( 2 )  
Y 3 = A X S G ( 3 )  
Z l = Y l  
Z 2 = Y 2  
Z 3 = Y 3  
GO T O  2 

1 C A L L  I ~ T F G R ( T ~ A V , L ~ I Y ~ I A X ~ ~ ( ~ ) I V X S G ( ~ ) )  
C A L L  I ~ T E G R ( T Y A V , Z 7 , Y 3 r A X S G o , V X S C ( 2 ) )  
C A L L  I Y T F G " ( T N A V I Z ~ I Y ~ I A X ~ ~ ( ~ )  I V X S G ( ~ ) )  
V X ~ ( I ) = V X I ( 1 ) - V X S G ( 1 )  
v x s ( 2 ) = v x 1 ( 2 ) - v x s G ( 2 )  
V X S ( 3 ) = V X I ( 3 ) - V X S G ( 3 )  
I F  ( T O T N A V o G T o r ' , o r l )  GO T O  3 

2 Y 4 = V X S ( l )  
Y 5 = V X S (  2 1 
Y 6 = V X S (  3 1 
Z 4 = Y 4  
Z 5 = Y 5  
Z 6 = Y 6  
GO T O  4 

3 C A L L  I N T E G P ( T Y A V , Z ~ ~ Y ~ , V X S ( ~ ) I X S ( ~ ) )  
C A L L  I N T F G R ( T N A V I Z ~ I Y ~ I V X S ( ~ ) , X S ( Z ) )  
C A L L  I N T F G R  ( T Y A V , Z ~ I Y ~ I V X S (  3 )  IXS(  3 1 )  

4 R E T U R N  
END 
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Memory Map of Analytic Platform Simulation Program. 

1, 
2, 
3.  
4. 
5 .  
60 
7. 
8 .  
9. 

10. 
11. 
12. 
13. 
1 4 .  
15,  
16. 
17, 
18. 
19, 
2 0 .  
21, 
22, 
23. 
24, 
2 5 ,  
26, 
27,  
28, 
29. 
30, 
31, 
32 
33. 
3 4 ,  
35 .  
36, 

I *  - 
INPUT - 

CkCK 
C€CK 
C E C K  
CECK 
DECK 
C E C K  
DECK 
CECK 
C E C K  
CtCK 
C E C U  
C F C K  
C E C K  
SUBS 
SUGK 
SUBR 
SUER 
SUfjR 
SURP 
SUBR 
SURR 
S U B R  
SUBP 
SUB!? 
SUBR 
SUBR 
SUBR 
suet? 
SUBR 
SUBR 
S U E R  
SUBR 
SUBR 
S U B H  
SUER 
S U R H  

t 

t 

t 

t 

it 

t 

it 

i 

0 0 C c ) O  THPU 

1 2 4 5 1  

1?442  

12451 
12474 

17517 THRU 4 2 1 1 4  

1 3 5 1  7 
2 4 6 3 1  
2 5 3 2 3  
2 7 0 1 6  
27352 
2771 3 
3QOTiG 
30701  
31370 
31637 
3171 7 
3 2 2 3 4  
33500 
oooor3 
di?U;IC 
34141 
34207 
342 1 0  
34211 
34463  
35170 
35436 
3 5 5 3  7 
3 5 6 4 %  
3 5 6 6 2  
357co 
3 6 2 1 4  
3 6 6 1 4  
37164  
3 7 2 4 1  
37255 
37365 
3 7 2 6 7  
3 7 5 1 7  
37676 
4 0 0  1 5  

I N S E - R T I G N S  OH D E L E T I i l k S  K 4 0 E  I N  TbIS DECK1 

CUTPUT t J U F F E 2 S  

(INUSED C O R E  

77067  THRU 

4Cll5 THKi I  

77776  

77062 
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K! L >-, 
TOTCIJ  = 

TOTCI J + T C I  J 

1_1 

TPRINT 

ORBIT 0 
Fig. III-l--Amlytic Platform Simulation Program Flow Chart. 



I IV: TEST CASE 

i I n  an e f f o r t  t o  check the  accuracy of t he  ana ly t i c  

platform simulation program, a test case w a s  assumed with the  angular 

ve loc i ty  and l i n e a r  acce le ra t ion  p ro f i l e s  shown i n  Figure IV-1. 

following equations represent  the  vehicle acce lera t ions  i n  the  space- 

f ixed  coordinate system where a shper ica l  e a r t h  g rav i ty  model has been 

assumed. 

The 

.. peXs 
2 312 

Xs = (k2t + k3) cos(k1t) - 
(xs2 + zs 1 

.. pexs Zs = (kzt + k3) s in(k1t )  - 2 312 (xs2 + z, 1 

where 

1 kl = lr11200 0 - < t 5 600 
I 

114 

1/44 
k2 = -1759144 

k3 = 10 
70360111 

701 11 

0 < t < 160 
160 7 t 5 161 
161 < t - < 600 

0 < t 5 160 
160 7 t 5 161 
161 < t < 600 - 

These d i f f e r e n t i a l  equations are solved using a three-pass Runge-Kutta 

numerical technique on a d i g i t a l  computer with a A t  of 0.2 seconds. 

The r e s u l t s  of t h i s  numerical so lu t ion  i s  presented i n  the  t a b l e  a t  

t h e  end of t he  chapter. 
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This section contains: 

Input profiles for the Test Case. 

Input data for the Test Case. 

Output data from the Analytic Platform Simulation, showing 

Vehicle Status. 

Output data from the Analytic Platform Simulation, Showing 

Vehicle End-conditions. 

Runge-Kutta numerical integration digital computer program. 

Comparision of the Vehicle Position and Velocity as 

determined by both the numerical method and the simulation 

method. 
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Runge-Kutta Numerical Integration Digital Computer Program. 



Time 
(See. 1 

0 
50 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 

ZS(RK) 
(m) 

0.0 
20 872.473 
49 669.414 

101 545.07 
183 452.26 
279 059.94 
392 145.33 
527 394.03 
689 598.17 
883 493.71 

1 113 592.90 
1 384 015.60 

(sec.) I Time 

Z S ( W  
(m) 

0.0 
20 958.367 
50 147.001 

102 913.77 
186 337.34 
283 632.58 
398 519.63 
535 684.52 
699 916.25 
895 944.07 

1 128 269.70 
1 4 0 0  999.10 

0 
50 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 

=(=) 
(m) 

6 371 000.0 
6 376 416.8 
6 412 970.9 
6 509 580.7 
6 660 056.0 
6 813 163.3 
6 968 695.4 
7 127 049.3 
7 287 674.4 
7 449 040.7 
7 608 630.5 
7 762 956.0 

93 

=(w 
(m) 

6 371 000.0 
6 376 734.5 
6 414 197.8 
6 512 243.7 
6 664 826.4 
6 820 203.9 
6 978 042.5 
7 138 724.8 
7 301 684.5 
7 465 373.3 
7 627 255.8 
7 783 825.0 

(RK) - Runge-Kutta Numerical Method 
(AP) - Analytic Platform Simulation Method 

% Diff. 

1 xs(RK)-xs(AP~ 
lool Xs(RK1 

0.0 
0.004980 
0.019130 
0.040900 
0 e 071627 
0.103338 
0.134129 
0.163819 
0.192243 
0.219257 
0.244791 
0.268828 

% Diff I 
~~ 

0.0 
0.961530 
1.347870 
1.572659 
1.638587 
1.625494 
1.571972 
1.496245 
1.409218 
1.317968 
1.227117 

Comparison of the Vehicle Posi t ion Between Solutions 



Time 
(Set 1 

0 
50 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 

Time 
(sec.) 

0 
50 

100 
150 
200 
250 
300 
350 
400 
450 
500 
550 

0.0 

1 239.5540 
2 711.2843 
3 045.0830 
3 083.5393 
3 139.0876 
3 193.2432 
3 226.6628 
3 219.5907 
3 152.3594 
3 005.9277 

3 19.450 18 

400.0 
459.11773 
743.44619 

1407.0174 
1 767.4580 
2 071.6470 
2 467.4385 
2 958.5376 
3 545.4706 
4 225.4483 
4 992.3069 
5 836.5303 

94 

319.37882 
1 239.1748 
2 710.2130 
3 089.5920 
3 128.3722 
3 184.3508 
3 239.0124 
3 272.9890 
3 266.5055 
3 199.8803 
3 054.0631 

0 02233 
0.03059 
0.03951 
1.46 1667 
1.453942 
1.441922 
1.433313 
1.435731 
1.457170 
1.507470 
1 . 60 1349 

1 I 

400 . 0 
460.27913 
746.61251 

1 412.9244 
1 794.8685 
2 099.5393 
2 495.7509 
2 987.2014 
3 574.4099 
4 254.5805 
5 021.5445 
5 865.7832 

X Diff. 

0.0 
0.252960 
0.425890 
0.419820 
1.550843 
1.346382 
1.147440 
0 . 968850 
0.816232 
0.689446 
0.585673 
0 . 50 1204 

(RK) - Runge-Kutta Numerical Method. 
(AP) - Analytic Platform Simulation Method 

Comparison of the Vehicle Velocities Between Solutions. 
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V.' OPERATING INSTRUCTIONS 

Figure V - 1  i s  a p i c t o r i a l  l i s t i n g  of t h e  subroutines of t he  

a n a l y t i c  platform simulation program i n  t h e  order of t h e i r  entry. 

The header cards f o r  t he  program and subroutines may vary among 

i n s t a l l a t i o n s .  

f o r  t h e  a n a l y t i c  platform simulation program i n  the  order of t h e i r  

Figure V-2 i s  a p i c t o r i a l  l i s t i n g  of t h e  input da ta  

en t ry .  

and READ2. 

Section B. 

The format f o r  t he  da t a  is given i n  subroutines READ1 

The symbols that are used are explained i n  Chapter 11, 

95 
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Fig. V-l--Pictorial Listing of the Subroutines of the Analytic 
Platform Simulation Program i n  the Order of Their Entry. 
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Fig. V-2--Pictorial Listing of the Input Data for the Analytic 
Platform Simulation Program i n  the order of ttheir entry. 
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PHASE M I N  SEC 

LOADER 1 2 6  

kXECUT I C &  8 48 

SYSTEN 0 24 

TOTAL 10 38 

CARDS R E A C  1656 

PAGES PRINTED 44 

Time Page Showing the T i m e  for the Test Case Analytic 
Platform Simulation Computer Run. 


